The impact of oral rehabilitation on masticatory function and oral health-related quality of life (OHRQoL) may vary with the experience of the individual with tissue loss. Our hypothesis is that patient-centered outcomes vary among adults who have experienced large defects in the maxilla due to congenital or acquired conditions even after oral rehabilitation to restore aesthetics and function. This study compared OHRQoL, perceived masticatory ability, maximum bite force (MBF), and symptoms of pain and depression among subjects with acquired (edentulous maxilla) and congenital (cleft lip and palate) loss of oral tissues in the maxilla after dental treatment. A gender-matched sample (n = 60) of cleft lip and palate (CLP), maxillary denture wearers (DENT) and controls (CONT) was recruited. OHRQoL was assessed using OHIP-14. Chewing was evaluated through a masticatory ability questionnaire and by MBF. The RDC/TMD Axis II questionnaire was used to assess symptoms of pain and depression. Data were analyzed by Fisher's test, Kruskal Wallis test, and Spearman correlation coefficients. CLP showed higher OHIP-14 and depression scores than DENT and CONT (p < 0.05). Sub-analysis by OHIP-14 items (%FOVO) showed higher prevalence of psychological impact for CLP and of functional impacts for DENT. The number of foods difficult to chew, of food textures difficult to chew, and avoided foods were similar between CLP and DENT. OHIP-14, MBF, and depression scores showed significant correlation (p < 0.05). The results suggest that adults with treated CLP or maxillary DENT have chewing impairment and lower MBF than healthy subjects, with different psychological and functional impacts.
Introduction
Oral health status may impact routine daily activities, such as chewing and tasting food, speaking and psychosocial functioning. 1, 2, 3 According to the Global Burden of Disease 2015 study, 4 total tooth loss was the leading cause of disability-adjusted life year (DALY) estimates of oral conditions for the period of 1990 to 2015. Loss or derangement of maxillary hard and soft tissues occurs in subjects with both cleft lip and palate (CLP) and maxillary complete dentures. However, the life history and experiences with oral tissue loss may affect differently the functional outcomes of the oral rehabilitation.
Clefts of the lip and/or palate are innate nonsyndromic orofacial defects, which include a range of disorders affecting the face and oral cavity. Alterations in appearance, speech, hearing, and feeding can lead to long-lasting adverse outcomes that require a multidisciplinary approach to improve function, esthetics, satisfaction, social integration, and overall well-being. 3, 5, 6, 7, 8, 9 Similarly to CLP subjects, maxillary edentulous patients have large loss of teeth and oral tissues in the maxilla and may present compromised function and diminished self-esteem, which can be improved with oral rehabilitation with complete dentures. 2, 10, 11, 12 Nevertheless, maxillary edentulous subjects often experience major oral health problems at a later stage in life leading to more dental loss due to different etiologies. It is still unclear if specialized dental treatment in both groups effectively restores function, satisfaction and overall quality of life to the levels reported by normal subjects.
We hypothesized that patient-centered outcomes would vary between edentulous and CLP adults, which are subjects with large defects in the maxilla due to congenital or acquired conditions, even after oral rehabilitation to restore aesthetics and function. The specific aims of this study were to compare quality of life, symptoms of pain and depression, perceived masticatory ability and maximum bite force among three groups of adult subjects: patients with repaired CLP, maxillary denture wearers, and healthy dentate subjects.
Methodology
The study design was observational, crosssectional, and correlational, and followed the STROBE guidelines. The research protocol was approved by the Institutional Ethics Committee of the Pontifical Catholic University of Rio Grande do Sul (PUCRS) in compliance with the national ethical regulations and the Declaration of Helsinki.
A non-probabilistic sample of 60 consecutive subjects was recruited at the PUCRS. Inclusion criteria were adult subjects with the cognitive ability to understand the study and its questionnaires and that signed the written informed consent, good oral and general health, absent of disease or any pathological process, and presence of occlusal support at the first molar. The patients who were edentulous in the maxilla had to have at least 6-months experience of maxillary denture wear. The selected subjects were divided into three gender-matched groups: 1. CLP: Patients treated since childhood at the PUCRS by a multidisciplinary team of professionals from dentistry, psychology and medicine, and at the specialty course in Prosthodontics. Patients had completed surgical repair, orthodontics, and oral rehabilitation for CLP with partial fixed prostheses supported by either natural teeth or dental implants in both arches (n = 20, mean [± SD] age = 30.6 ± 10.55 years); 2. DENT: Maxillary denture wearers with natural dentition or fixed prostheses supported by either natural teeth or dental implants in the lower arch (n = 20; mean [± SD] age = 62.9 ± 9.46 years); and 3. CONT: Healthy fully dentate subjects (n = 20, mean [± SD] age = 23.2 ± 0.63 years). All subjects signed an informed consent form before the procedures. Data were collected by a single trained investigator during a face-to-face structured interview and clinical examination. Three selfcompletion questionnaires were used to assess oral health related quality of life (OHRQoL): 1) OHIP 14, 13 2) masticatory ability, 14 and 3) symptoms of orofacial pain and depression (RDC/TMD Axis II). 15 
Maximum bite force
Maximum bite force (in Newtons) was measured using a cross-arch force transducer (Sensotec 13/2445-02, Columbus, OH) placed in the molar region. After instructions about the procedure, all subjects were asked to bite at their maximum comfortable force, and the mean of three recordings was used as the maximum bite force. 16 
Quality of life
The subjects were asked how frequently they experienced the impact of each item in the preceding 12 months. The OHIP-14 summary score was calculated using the OHIP Additive (OHIP-ADD) method. 17 In addition a 'fairly often' or 'very often' (FOVO) analysis was undertaken for each item. The difference in item prevalence between the test groups and the control group was calculated, and items were ranked in a descending order by their differences. 5, 17, 18 Masticatory ability questionnaire 14 Questions of perceived masticatory ability included three domains: 1) Types of foods difficult to chew; 2) Food textures difficult to chew; 3) Avoided foods. Responses were categorized in '0 = no problem to chew' and '1 = if there is any difficulty to chew'. Self-reported average meal duration was recorded in minutes.
Pain and depression
The RDC questionnaire was analyzed using the scoring system described in the RDC/TMD Guidelines. 15 Chronic Pain Grade Classification (GCP) scores were defined as follows: 0 = no TMD pain in the previous 6 months; low disability grade I = low intensity (characteristic pain intensity < 50, and less than 3 disability points); grade II= high intensity (characteristic pain intensity > 50, and less than 3 disability points); high disability grade III= moderately limiting (3 to 4 disability points, regardless of characteristic pain intensity); grade IV = severely limiting 5 to 6 disability points regardless of characteristic pain intensity. Depression scores less than 0.5 were considered as 'normal'. 19 
Statistical analysis
Data were analyzed with Statistical Package for the Social Sciences PC version 19.0 (SPSS Inc., Chicago, USA) using Fisher's exact test for categorical data (self-reported bruxism and chewing ability), and Kruskal Wallis test to compare OHIP-14 scores, RDC scores, maximum bite force and perceived masticatory ability data. Table 1 shows the clinical characteristics of the sample. CLP and DENT subjects had lower maximum bite force than controls (p < 0.001). CLP subjects reported greater impact in terms of OHQoL (p < 0.001) and more symptoms of depression than the other two groups. There was no difference between DENT and CONT for the OHIP or the RDC outcomes. There was no significant difference among the groups for chronic pain scores from the RDC questionnaire with generally low levels of pain and/or disability. The overall OHIP-14 score for CLP was two-fold higher (worse oral health-related quality of life) than in DENT and CONT with nominal differences of median scores in some OHIP-14 domains between groups ( Table  2 ). There was no difference between DENT and CONT in OHIP-14. Sub-analysis by OHIP-14 items (% FOVO) showed higher prevalence of psychological items for CLP and of functional items for DENT (Table 3) . Table 4 shows the results of perceived masticatory ability of selected foods. The maximum number of foods difficult to chew, food textures difficult to chew, and avoided foods were similar between CLP and DENT and higher than CONT. CLP reported chewing difficulties mainly with raw, hard, sticky and gooey textures, and avoiding corn on the cob, apple skin and gum. Gum, caramel candies, and nuts, corresponding to sticky and hard textures, were reported as foods difficult to chew by DENT and particularly avoided (p < 0.05). 
Results

Discussion
To the best of the authors' knowledge, this is the first study to compare masticatory function and perceptions of OHRQoL in treated adult subjects with congenital or acquired major loss of maxillary function alone. The literature has shown the individual relationship between some study variables, but no study specifically assessed bruxism in CLP. The present findings showed that both treated adult CLP and DENT groups still had perceived chewing problems and diet restrictions, but their OHRQoL was influenced by different domains, which refutes the study null hypothesis. The clinician's awareness and understanding of these differences may lead to better results for the effective treatment of CLP and denture patients.
CLP subjects reported poorer quality of life and showed more symptoms of depression than DENT and CONT; however, the mean depression score in this group was within the range established by Dworkin et al. 19 as normal. The three types of cleft (preincisive foramen clefts, transincisive foramen clefts, and incisive foramen clefts) were combined in a single CLP group as the frequency of each cleft type was small, and the literature has shown that CLP type has little influence on severity of psychosocial impairment. 6, 20 The median OHIP-14 score in the CLP group was six-fold higher than in the CONT demonstrating significant residual OHRQoL impact after the completion of care. Foo et al. 5 also found that OHIP-14 scores in adult CLP subjects were 1.7fold higher than the "South Australian 2002 statelevel norms".
Although an additive OHIP score is the most frequent method used to assess overall quality of life, the analysis by item prevalence (%FOVO) allows identification of items (and thereby of domains) with a greater magnitude of impact on OHRQoL, at a level more likely to require treatment. 18 FOVO analysis for the CLP group showed that psychological discomfort and psychological disability made the greatest contribution to the score with embarrassment, being self-conscious or tense and pronunciation as the top 4 ranked questions in terms of impact difference compared with controls. The CLP group also reported more psychological distress than either DENT or CONT, but were not clinically depressed. It is unclear whether these outcomes relate to oral function in terms of the dentition or residual speech and aesthetic concerns subsequent to complex rehabilitative care and speech therapy. 21 Dissatisfaction with facial appearance seems to be a predictor of depressive symptoms in CLP subjects, 5, 6, 22, 23 and symptoms of depression and anxiety may be twice as prevalent among CLP adults compared with CONT. 24, 25 It is likely that a generic OHRQoL instrument such as OHIP-14 will not identify and measure the specific problems such as social adjustment, self-esteem, facial appearance, symptoms of depression, and speech in this population. 1, 2 Currently, there is no specific instrument designed to capture the life-long and complex implications of clefts. 26 A thorough assessment of the impact of clefts on psychosocial distress and well-being using a mixed-methods (qualitative and quantitative) approach may help produce a more sensitive instrument for assessing condition-specific problems unique to CLP patients. In terms of function, the CLP group had reduced MBF compared with CONT and reported some significant limitations in terms of foods choice / texture preference. This is the first time data of this sort is presented, and it is unclear why this population have these limitations after the completion of rehabilitation. Maybe the stability of the cleft repair is not as great as a "normal" maxilla and hence a reduction in bite force. Furthermore, there may be some residual relative movement of the palatal fragments increasing the risk of food packing. The nature of the restorative care for these subjects was also heterogeneous as it was determined by their clinical needs. The sample was also too small to identify whether specific forms of rehabilitation were associated with altered food choice. The pattern of texture preference and food avoidance was, however, remarkably similar to the DENT group.
This is the first report in the literature describing function and OHRQoL for people who are edentulous in the maxilla but have a natural or prosthetically restored mandibular dentition. Subjects who have teeth in the mandible would normally be recorded as partially dentate, however a significant proportion of adults in this category have a complete maxillary denture (18.2% of the adult population of Brazil, for example). 27, 28 Most previous data relating to OHRQoL for people using complete dentures has been for those who are edentulous in both jaws. Interestingly, 13% of the UK adult population with a combination of dentures and natural teeth reported the most problems with dental conditions. 29 The pattern of OHIP-14 responses in DENT was heterogeneous with a markedly skewed distribution and some extreme values of subjects dissatisfied with their OHRQoL. This made analysis of these data using means and standard deviations inappropriate. Analysis of the medians / interquartile ranges showed similarly high satisfaction and perceived well-being despite reported alterations with food choice and dietary limitations. The OHIP-14 prevalence analysis in DENT showed scattered distribution of items in multiple domains, such as functional limitation, physical disability, physical pain, psychosocial disability, and psychological discomfort. This differed from the predominance of psychological complaints in the CLP group when the median severity OHIP-ADD scores were analyzed.
One possible explanation is that the subjects in this sample had worn the same maxillary complete dentures for at least six months, i.e., they were adapted to some extent. Previous studies showed that a stable and retentive maxillary denture with adequate articulation has a positive effect on the satisfaction and well-being of denture wearers, 10 and prosthesis quality is associated with OHRQoL. 1, 30 Therefore, the oral rehabilitation with conventional complete dentures may represent a return to a normal or quasi-normal lifestyle for some edentate patients who do not have great expectations. 10, 12 There was a small number of these subjects who reported a very significant level of impact on their OHRQoL.
The DENT group also had lower maximum bite force than controls, with no difference between DENT and CLP; they also avoided hard and raw food textures. The main difference between both groups were the types of food avoided or difficult to chew. Most CLP subjects avoid eating corn on the cob possibly due to the congenital instability of the pre-maxilla. The DENT group reported more difficulties with gum and caramel candies, as well as sticky textures that might dislodge the denture during chewing. A number of different foods difficult to chew were also avoided by both CLP and DENT, such as nuts, carrot, and apple skin. Crunchy and raw textures were also avoided. Subjective perception of many factors, such as taste, smell, texture, and color, have been related to food avoidance and chewing strategies. 14, 31, 32 Further studies with people who are edentulous in the maxilla are warranted to better describe this population and understand their functional problems.
Some limitations of the present study are the small sample size and the impracticality of obtaining agematched groups. However, the literature has shown that the direct effects of age on functional tooth units and bite force are relatively small, 16, 32 and that age in CLP subjects does not influence psychosocial problems. 6 The non-significance of some variables, such as bruxism and pain is probably related to the low frequency of these conditions in the sample, which was not selected among patients from dental clinics specialized in orofacial pain and temporomandibular disorders. Nevertheless, the actual sample size allowed significant and relevant findings within the present statistical approach.
Conclusion
In summary, the results suggest that this sample of treated adult subjects with CLP or DENT still have perceived chewing problems and lower bite force than control healthy subjects. OHRQoL is mostly influenced by psychological aspects for CLP subjects and by functional items for DENT subjects. CLP showed statistically more depression symptoms than DENT and controls subjects, but the score was within normal range and not clinically relevant. Although oral rehabilitation is necessary for technical restoration of function and esthetics, it may not be sufficient to improve patient-centered outcomes to optimal levels, which require an individualized qualitative approach to solve specific complaints.
